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[57] ABSTRACT 

An apparatus and method is described for detecting 
focus errors in an optical head by positioning a prism in 
the optical path of a return light beam reflected from an 
optical recording medium. The prism reduces the beam 
in one dimension by a factor of M and concurrently 
increases the divergence/convergence angle associated 
with a focus-error of the beam by a factor of M in this 
dimension, thereby desirably enhancing the focus error 
signal by a factor of M^. A focus error is detected by a 
segmented photodetector having inner and outer photo- 
sensitive regions. TTie photodetector generates an elec- 
trical signal indicative of the focus error from the differ- 
ence in light intensities at the inner and outer regions. 
The photodetector preferably is segmented in such 
manner as to also provide a track error signal. 

11 Claims, 3 Drawing Sheets 
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FOCUS-ERROR DETECTION USING 
PRISM-ENHANCED SPOT SIZE MONITORING 

This is a Continuation-in-Part of application Ser. No. 5 
07/357,566, filed May 26, 1989. now abandoned. 

TECHNICAL FIELD 

This invention relates to methods and means for de- 
tecting focus errors in optica] heads adapted to read and 10 
write data on optical recording media, and more partic- 
ularly relates to improved means for generating a focus 
error signal for use as focus on a surface. 

BACKGROUND OF THE INVENTION 

Focus-error detection methods heretofore used for 
optica] storage applications generally employ a knife 
edge, an astigmatic lens or a critical angle prism. These 
techniques require very critical alignment of these opti- 
cal elements and of a segmented photodctector. 20 

Published European patent apphcation EP 0164687 
discloses a detection technique wherein a laser beam 
reflected from an optical disk is directed through an 
objective lens to a prism that reduces beam width in one 
dimension by a factor M and delivers an elliptical beam 25 
to a knife-edge-type focus error detection system. This 
application claims that the use of the prism increases the 
focus error signal by a factor of M compared to the 
standard knife edge technique without a prism. 

The Digest of the Topical Meeting on Optical Data 30 
Storage, Oct. 15-17, 1985 at Washington, D.C., in- 
cludes Paper THCC2-1 by Yamamoto et al. entitled 
"Design Consideration of Optical Pregroove Dimen- 
sions'*. This paper shows a six-element photodetector to 
detect the far field spot size variations associated with a 35 
focus error. 

There is a need for a very sensitive focus-error detec- 
tion technique that will provide, whh relatively few 
components, a significant enhancement of the focus- 
error signal and provide a large beam size that only 40 
requires an uncritical alignment of a segmented photo- 
detector in one dimension. 

SUMMARY OF THE INVENTION 

Toward this end and according to the invention, an 45 
apparatus and method are provided for detecting focus 
errors in an optical head by positioning a prism in the 
optical path of a return light beam reflected from an 
optical recording medium. The prism reduces the beam 
in one dimension by a factor of M and concurrently 50 
increases the divergence/convergence angle associated 
with a focus-error of the beam by a factor of M in said 
dimension, thereby desirably enhancing the focus error 
signal by a factor of M^, A focus error is detected by a 
segmented photodetector having inner and outer photo- 55 
sensitive regions, such as shown in the Yamamoto et al. 
paper. The photodetector generates an electrical signal 
indicative of the focus error from the difference in light 
intensities at the inner and outer regions. The photode- 
tector preferably is segmented in such manner as to also 60 
provide a track error signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram that illustrates the 
principle of the invention; 65 

FIGS. 2A shows a schematic diagram of a segmented 
photodetector and associated circuit of the present in- 
vention; 
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FIG. 2B shows a schematic diagram of an alternative 
segmented photodetector of the present invention; 
FIG. 3 illustrates an optical head according to one 
embodiment of the invention for use with read-only, 
write-once or phase-change optical disks; 

FIG. 4A shows a tip view of an embodiment for use 
with an optical disk drive employing a swing arm actua- 
tor; 

FIG. 4B shows a partial side view of the embodiment 
of FIG. 4 A and; 

FIG. 5 illustrates an embodiment for use with magne- 
to-optic disks. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

General 

The principle of the invention is best illustrated in 
FIG. 1. The output of a diode laser 10 is passed through 
a circularizer/coUimator system 11 to provide a colli- 
mated beam 12. On reflection from a beam splitter 13, 
beam 12 becomes beam 14. Beam 14 is focused by a lens 
15 onto surface 16 of an optical recording medium. 
When surface 16 is at the focus of lens 15, the collimated 
beam 14 from beam splitter 13 to lens 15 is retrore- 
flected on itself and, as return beam 14, is transmitted by 
beam splitter 13 to a prism 17. Prism 17 refracts beam 14 
as beam 18, which is directed without obstruction to a 
photodetector 19. The full cross-sectional beam pattern 
of beam 18 falls on photodetector 19. Beam 18 has an 
intensity pattern of elliptical configuration, with a 
major axis equal to D and a minor axis A. Prism 17 
reduces the width of beam 14 by a factor of M (which 
is defined as M =D/A) to that of refracted beam 18. 

Assume now that the surface 16 is displaced from the 
focus of lens 15 by an amount fiz. Under this assumed 
condition, the beam 14' reflected from surface 16 will, 
after passing through lens 15, diverge with an angle 60, 
in which 

6e=D82/f2 (1) 

where f is the focal length of lens 15. 

If 6z is negative, then 60 will be negative and the 
beam 14' will converge. The following analysis con- 
siders the case of 5z being positive, but when 6z is small, 
the same analysis is valid for a diverging or converging 
beam 14'. 

The refracted beam 18' emerging from prism 17 has a 
divergence angle of MS©; and the width W of said beam 
on detector 19 is now given by 

WsA-t-2IM6fi (2) 

where 1 is the distance from prism 17 to photodetector 
19. 

Using equation (1), one obtains 
W ^ A + 21MDSz/J^ 

or 

8W/6z=0\'-A)/fii = 21M2A/f2 (3) 

It will thus be seen that, by inserting prism 17 in the 
path of the return beam 14' from surface 16, the change 
in beam width 6W indicative of a focus error 62 is en- 
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hanced by a factor M^. M is determined by the apex 
angle of prism 17, and by the refractive index of the 
material from which it is made. M may be made arbi- 
trarily large; however, the tolerance on alignment of 
the system becomes increasingly tight as M increases. A 
practical maximum value of M for a single prism 17 is 
approximately equal to five; however, several prisms 
may be used in series and the resultant factor M would 
then be the product of the values of M for each prisin. 

As illustrated in FIG. 2A, photodetector 19 com- 
prises three photosensitive striped areas 1,2,3. The dot- 
ted oval represents the full cross-sectional beam pattern 
which beam 18 makes on photodetector 19. Let Ihla.h 
be the electrical signals generated by the light incident 
on these photosensitive areas 1,2,3, respectively. 

Signals Ii and I3 are summed and amplified at ampli- 
fier 20 to provide output signal Si, whereas signal I2 is 
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which, when 62=0 and W=A, is equal to P/2 when 
a=«0.169A. 

In order to evaluate the sensitivity of the FES to 
changes in the focus position dz of lens 15, we need to 
find the relative change of S2 with dz. Since S2 is pro- 
portional to I2 and I2 is proportional to P2, the quantity 
of interest is: 
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the derivative is evaluated as; 
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amplified at amplifier 21 to provide output signal S2. Si 
equals S2 when the beam 14 is in focus. Signals S\ and 
S2 are supplied to a differential amplifier 22 and a. sum- 
ming amplifier 26 whose outputs are supplied to divider 35 
circuit 28. The bandwidth of amplifiers 20, 21. 22 and 26 
are sufficiently in excess of the focus-servo bandwidth, 
(which is typically less than lOkHz), such that the phase 
differences between the outputs of amplifiers 22 and 26 
are negligible. The output of the divider circuit 28 is the 4^ 
focus error signal, FES. 



FES = 



5i - S2 
S\ + S2 



(4) 
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The focus error signal is applied to a focus servo 
control system 23 (FIG. 1). As illustrated, system 23 
comprises conventional means, such as a voice coil 
driver, for adjusting the current in a coil 24 of a voice 
coil motor and thereby adjusting the position of lens 15 50 
relative to surface 16. A typical servo system is shown 
in European patent application EPO 164687. 

In a diffraction-limited optical system the intensity 
profile of beam 18 will be Gaussian, that is: 

55 

-8X2/W2 (5) 

The width 2a of area 2 of detector 19 is chosen such that 
when disk surface 16 is at the focus of lens 15, one half 
of the light incident on detector 19 falls on area 2, and 60 
the other half falls on areas 1 and 3. 

The total power P in beam 18 is given by: 



= J * /oe-»*2/»^ = 



(6) 



65 



and the power on area 2 of detector 19 is: 



iV J dW 



(c 



)dx 



When Sz=0, a— 0.169A, and Ws= A, the above quantity 
is equal to — 0.269/A. Thus 
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Pi 



dPi 
dz 



NIT/ 



(0.269) = 



For typical values of 1(50 mm) and f(4 mm) and with 
no prism (M — 1) as in the prior art (see Yamamoto, et 
al.), this quantity is equal to 5.4/mra. A large focus error 
8z of 0.(X)1 mm would create a change in P2. and hence 
in S2, of only 0.54%. Since the change in Si is equal and 
opposite to that of S2, it follows from equation (4) that 
the FES, which has a range of ±1, would be only 
0.0108. 

Incorporating a prism with M = 5 according to the 
principles of this invention would increase the FES to 
0.264, an increase by a factor of 25 in the sensitivity of 
the focus servo loop. 

The preferred configuration of the photodetector is 
shown in FIG. 2B. Photodetector 25 includes six photo- 
sensitive areas 1-6 for generating electrical signals li-U, 
respectively- The focus error signal is given by 
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FES 



5i - 52 
Si + S2 



and the track error signal by 



TES 



Sj - Sa 

53 + 54 



where 
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where k is the gain of amplifiers 20 and 21. 

The manner in which the track error signal is used to 
adjust track error is conventional and forms no part of 
the present invention. FIG. 2B is included merely to 
show that applicants' method and means for detecting 
and correcting focus errors is compatible with and de- 
sirably used in conjunction with a phptodetector like 
photodetector 25 that generates both focus error and 
track error signals. 

FIG. 3 

As illustrated in FIG. 3, the invention according to 
this embodiment comprises an optical head especially 
suitable for use with read-only, write-once or phase- 30 
change optical disks. A laser 30 emits a beam that is 
collimated by a lens 32 and circularized by refraction at 
surface 34 of a prism 46. Surface 34 has a polarizing 
beam sphtter (PBS) coating. The beam 35 is directed 
through a quarter-wave plate 36 to a beam bender 38 33 
and a lens 40 that focuses said beam onto a selectable 
track on an optical disk 42. The beam 35' reflected from 
disk 42 returns through the wave plate 36 and is re- 
flected as beam 37 from surface 34 toward surface 44 of 
prism 46. Refraction of beam 37 at surface 44 reduces 40 
the width of said beam by a factor of M from D to A 
and directs this elliptical beam 47 to a photodetector 48 
that preferably is segmented as shown in FIG. 2A or 
2B. The full unobstructed cross-sectional beam pattern 
of beam 47 falls on photodetector 48. 45 

If, as illustrated in ¥IG. 3, the disk 42 is in focus, then 
the return beam 35' will coincide with the beam 35, and 
the beam width at the photodetector 48 will be equal to 
A, If, however, disk 42 is out of focus, then the return 
beam 35' will diverge or converge from the beam 35, 50 
and cause the width of the beam to the photodetector 48 
to be greater or smaller than A. This effect is analogous 
to the divergence of beam 18' as shown in FIG. 1. Pho- 
todetector 48 is connected to circuitry similar to that 
shown in FIG. 2 A and a FES is generated. The position 55 
of lens 40 relative to the surface of the disk 42 is ad- 
justed in response to this FES by suitable servo means 
similar to that shown in FIG. 1 as necessary to put the 
disk in focus. 



FIG. 4 

FIGS. 4A and 4B illustrate another embodiment of an 
optical head for use with read-only, write-once or 
phase-change disks. According to this embodiment, the 
general orientation of the head is parallel to the tracks 
on a disk 50. This head is therefore most easily adapted 
to a disk drive that employs a swing-arm actuator. A 
laser 52 (FIG. 4A) emits a beam that is collimated by a 



lens 54 and directed to and through a PBS 56 without 
deflection or reflection. Beam 58 from PBS 56 is ellipti- 
cal in cross section, with a width P in one dimension 
and a width A in a direction orthogonal thereto. This 
5 beam 58 passes through a quarter- wave plate 60 and is 
directed to a prism assembly 62. At a flrst surface 64 of 
prism assembly 62, beam 58 is circularized, then re- 
flected by total internal reflection (TIR) from another 
surface 66 to and off a reflective surface 68 to an objec- 
tive lens 70 that focuses the resultant beam 72 onto the 
disk 50. Beam 72 is reflected from the disk as reflected 
beam 58'. In this embodiment, refraction at surface 64 
accomplishes the two functions of circularizing the 
beam 58 going to the disk and enhancing the focus error 
signal. Beam 58', which again is elliptical in cross sec- 
tion, is reflected by a surface 74 of the PBS 56 and 
directed to a photodetector 76 that preferably is seg- 
mented as shown in FIG. 2A or 2B. The full unob- 
structed beam pattern of beam 58' falls on photodetec- 
tor 76. 

If, as illustrated in FIG. 4, the disk 50 is in focus, then 
the return beam 58' will coincide with the beam 58, and 
the beam width at the photodetector 76 will be equal to 
25 A. If, however, the data on disk 50 is out of focus, then 
the return beam 58' will diverge from the beam 58, and 
cause the width of the beam to the photodetector 76 to 
be greater than A. This effect is analogous to the diver- 
gence of beam 18' as shown in FIG. 1. Photodetector 76 
is connected to circuitry similar to that shown in FIG. 
2A and a FES is generated. The position of lens 70 
relative to the surface of the disk 50 is adjusted in re- 
sponse to this FES by suitable servo means similar to 
that shown in FIG. 1 as necessary to put the disk in 
focus. 

This embodiment requires that the expansion/com- 
pression ratio M of prism assembly 62 must be matched 
to the emission pattern of laser 52. 

FIG. 5 

FIG. 5 illustrates still another embodiment of an opti- 
€:al head for use with magneto-optic disks. A laser 80 
emits a beam that is collimated by a lens 82, circularized 
by refraction at surface 84 of a prism 86 and directed 
towards a beam bender 88 and an objective lens 90. 
Surface 84 is a partially polarizing beam sphtter surface 
that directs a fraction of the p-polarized component of 
beam 92' as reflected from a selected track on disk 94, 
and substantially all of the s-polarized component of 
said beam to surface 98 of a prism 96 as a beam 100. 
Surface 98 is also a partially-polarizing beam splitter 
surface. Surface 98 refracts a fraction of the p-polarized 
component of beam 100 as a beam 101 to a servo photo- 
detector 102 preferably segmented as shown in FIG. 2A 
or 2B. The full cross-sectional beam pattern of beam 101 
falls on photodetector 102. This refraction at surface 98 
causes a reduction in one dimension of beam 100 by a 
factor of M and concurrently increases the divergen- 
ce/convergence angle associated wth said beam by the 
factor M in said dimension. Surface 98 also directs a 
fraction of the p-polarized component of beam 100 as 
well as substantially all of the s-polarized component of 
beam 100 as a beam 103 to a Wollaston prism 104, con- 
65 verging lens 106 and data detector 108. The function of 
the Wollaston prism in detecting the data on a magneto- 
optic disk is well known in the art and does not form 
part of the present invention. 
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If» as illustrated in FIG. 5, the disk 94 is in focus, then 
the return beam 92' will coincide with the primary beam 
92, and the beam width at the photodetector 102 wilt be 
equal to A. If, however, the disk 94 is out of focus, then 
the return beam 92' will diverge from the beam 92, and 5 
cause the width of the beam to the photodetector 102 to 
be greater than A. This effect is analogous to the diver- 
gence of beam 18' as shown in FIG. 1. Photodetector 
102 is connected to circuitry similar to that shown in 
FIG. 2A and a FES is generated. The position of lens 90 10 
relative to the surface of the disk 94 is adjusted in re- 
sponse to this FES by suitable servo means similar to 
that shown in FIG. 1 as necessary to put the disk in 
focus. 

It will now be seen that, in each of the configurations 
shown in FIGS. 3-5, unlike those taught by the prior 
art, the focus error signal is desirably enhanced by a 
factor of M2. 

While the invention has been shown and described ^ 

20 

with reference to preferred embodiments thereof, it will 
be understood by those skilled in the an that various 
changes in form and details may be made without de- 
parting from the spirit and scope of the invention, and 
the invention is therefore not to be limited except as 
defmed in the claims. 
What is claimed is: 

1. An apparatus for detecting a focus-error in an 
optical head adapted to read and/or write data on an 
optical recording medium, comprising: 

a light source for providing a primary light beam to 
said medium; 

a prism positioned in an optical path of a return light 
beam reflected from said medium for reducing said 
return light beam in one dimension by a factor of M 35 
and concurrently increasing the divergence/con- 
vergence angle of said return light beam by a factor 
of M in said dimension, whereby a change in said 
dimension of said return light beam indicative of 
said focus-error of said head is enhanced by a fac- 4Q 
tor of M^; 

a photodetector located in said optical path for re- 
ceiving an unobstructed return light beam from the 
prism, the photodetector having a first, second and 
third photosensitive areas located proximate one 45 
another along said dimension of said return beam; 
and 

a circuit connected to the photodetector for compar- 
ing the sum of the amount of light at said first and 
third areas with the amount of light at the second 50 
area and generating a focus-error signal responsive 
thereto. 

2. The apparatus of claim 1, wherein said second 
photosensitive area is centered between the first and 
third photosensitive areas such that the focus-error 55 
signal generated is zero when the sum of the amount of 
light at the first and third photosensitive areas equals the 
amount of light at the second photosensitive area. 

3. The apparatus of claim 2, wherein said second 
photosensitive area is in the form of a strip between said 60 
first and third photosensitive areas and said first, second 
and third areas are further divided in a direction perpen- 
dicular to the stripe to create three upper and three 
lower photosensitive areas. 

4. The apparatus of claim 1, further including: 65 
a focus lens located in the optical path of said primary 

beam for directing said primary beam onto said 
medium; and 
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servo means connected to the photodetector and the 
focus lens for adjusting the focus lens relative to 
the medium responsive to said focus-error signal. 

5. An apparatus for detecting a focus-error in an 
optical head adapted to read and/or write data on an 
optical recording medium, comprising: 

a light generation means for providing a primary 
beam of coUimated light; 

a prism having one surface for circularizing said pri- 
mary beam; 

a quarter- wave plate for receiving said primary beam 
from said prism; 

a lens for focusing said primary beam from the quar- 
ter-wave plate onto said medium; 

said prism being positioned in the optical path of a 
return light beam reflected from the medium for 
reducing said return light beam in one dimension 
by a factor M and concurrently increasing the 
divergence/convergence angle of said return light 
beam by a factor of M in said dimension, whereby 
a change in said dimension of said return light beam 
indicative of said focus-error of said head is en- 
hanced by a factor M^; 

a photodetector located in said optical path for re- 
ceiving an unobstructed return light beam from the 
prism, the photodetector having a first, second and 
third photosensitive areas located proximate one 
another along said dimension of said return beam; 
and 

a circuit connected to the photodetector for compar- 
ing the sum of the amount of light at the first and 
third areas with the amount of light at the second 
area and generating a focus-error signal responsive 
thereto. 

6. An apparatus for detecting a focus-error in an 
optical head adapted to read and/or write data on an 
optical recording medium, comprising: 

a light generation means for providing a primary 
beam of collimated light; 

a quarter- wave plate for receiving said primary beam; 

a prism having one surface for circularizing the pri- 
mary beam from the quarter-wave plate, a second 
surface from which the circularized light is re- 
flected by total internal reflection, and a third sur- 
face which is reflective; 

a lens for focussing the beam reflected from said third 
surface onto the medium; 

said prism being positioned in the optical path of a 
return light beam reflected from the medium for 
reducing said return light beam in one dimension 
by a factor of M and concurrently increasing the 
divergence/convergence angle of said return light 
beam by a factor of M in said dimension, whereby 
a change in said dimension of said return light beam 
indicative of said focus-error of said head is en- 
hanced by a factor of M^; 

a polarizing beamsplitter for receiving said return 
light beam from said prism; 

a photodetector located in said optical path for re- 
ceiving an unobstructed return light beam from the 
prism, the photodetector having a first, second and 
third photosensitive areas located proximate one 
another along said dimension of said return beam; 
and 

a circuit connected to the photodetector for compar- 
ing the sum of the amount of light at the first and 
third areas with the amount of light at the second 
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area and generating a focus-error signal responsive 
thereto. 

7. A method for detecting a focus-error in an optical 
head to which a light beam is directed for reading and- 
/or writing data on an optical recording medium, the 5 
steps comprising: 

positioning a prism in an optical path of a return light 
beam reflected from said medium for reducing said 
return light beam in one dimension by a factor of M 
and concurrently increasing the divergence/ con- 
vergence angle of said return light beam by a factor 
of M in said dimension, whereby a change in said 
dimension of said return light beam indicative of 
said focus-error of said head is enhanced by a fac- ^ ^ 
tor M2; 

providing a photodetector located in said optical path 
for receiving an unobstructed return light beam 
from the prism, the photodetector having a first, 
second and third photosensitive areas located prox- 
• imate one another along said dimension of said 
return light beam; and 

comparing the sum of the amount of light at the first 
and third photosensitive areas with the amount of 
light at the second photosensitive area and generat- 25 
ing a focus-error signal responsive thereto. 

8. The method of claim 7, wherein said second photo- 
sensitive area is centered between the first and third 
photosensitive areas such that the focus-error signal 
generated is zero when the sum of the amount of light at 30 
the first and third photosensitive areas equals the 
amount of light at the second photosensitive area. 

9. The method of claim 8, wherein said second photo- 
sensitive area is in the form of a strip between said first 
and third photosensitive areas and said first, second and 35 
third areas are further divided in a direction perpendic- 
ular to the stripe to create three upper and three lower 
photosensitive areas. 

10. The method of claim 7, further including the step 

of adjusting the position of a focussing lens within the 40 
optical path in response to said focus-error signal as 
necessary to cause the sum of the amount of light at the 



first and third photosensitive areas to equal the amount 
of light at the second photosensitive area. 

11. An apparatus for detecting a focus-error in an 
optical head adapted to read and/or write data on an 
optica) recording medium, comprising: 

a light generation means for providing a primary 

beam of collimated light; 
a first prism for circularizing said primary beam by 
refraction; 

a lens for focussing said primary beam from the first 

prism on to the medium; 
a second prism; 

said first prism being positioned in the optical path of 
a return light beam reflected from the medium, the 
first prism having a partially polarizing beamsplit- 
ter surface for directing a fraction of a p-polarized 
component of said return beam and substantially all 
of a s-polarized component of said return light 
beam to the second prism; 
said second prism having a partially polarizing beam- 
splitter surface for refracting a fraction of the p- 
polarized component of said return light beam 
from the first prism, and said second prism reduc- 
ing said return light beam in one dimension by a 
factor of M and concurrently increasing the diver- 
gence/convergence angle of said return light beam 
by a factor M in said dimension, whereby a change 
in said dimension of said return light beam indica- 
tive of said focus-error of said head is enhanced by 
a factor of M^; 
a photodetector located in said optical path for re- 
ceiving an unobstructed return light beam from the 
second prism, the photodetector having a first, 
second and third photosensitive areas located prox- 
imate one another along said dimension of said 
return beam; and 
a circuit connected to the photodetector for compar- 
ing the sum of the amount of light at the first and 
third photosensitive areas with the amount of light 
at the second photosensitive area and generating a 

focus-error signal responsive thereto. 
• * « • * 
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